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Objective: To examine whether the relationships between
psychological factors and rehabilitation adherence after knee
surgery differ as a function of age.

Design and Setting: Participants completed inventories of
self-motivation, social support, athletic identity, and psycho-
logical distress before anterior cruciate ligament (ACL) re-
construction. After surgery, participants recorded their com-
pletion of home rehabilitation exercises and cryotherapy, and
the sport rehabilitation professionals providing their treat-
ment reported on the patients’ attendance at, and adherence
during, rehabilitation sessions.

Subjects: Sixty-one individuals with acute ACL tears.
Measurements: The Self-Motivation Inventory, Social Sup-

port Inventory, Athletic Identity Measurement Scale, Brief
Symptom Inventory, and Sport Injury Rehabilitation Adherence

Scale were used to measure self-motivation, social support,
athletic identity, psychological distress, and adherence, respec-
tively, during rehabilitation sessions.

Results: Hierarchic regression analyses indicated that age
moderated the relationships between (1) self-motivation and
home exercise completion, (2) social support and home exer-
cise completion, (3) athletic identity and home exercise com-
pletion, and (4) athletic identity and home cryotherapy comple-
tion.

Conclusions: The prospective moderating relationships for
between psychological factors and indices of adherence to
home-based rehabilitation activities indicate the need to consid-
er developmental issues when examining psychological as-
pects of sport-injury rehabilitation.
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Adherence to the prescribed rehabilitation regimen is
considered vital for achieving successful recovery
from sport injury.1 Depending on the nature of the

injury, adherence to a rehabilitation protocol typically involves
active participation in some combination of clinic- and home-
based exercises and therapeutic modalities.2

Consistent with contemporary psychological models of
sport-injury rehabilitation,3,4 numerous personal and situa-
tional factors (eg, self-motivation, social support, mood dis-
turbance) have been linked to sport-injury rehabilitation ad-
herence.2 Although age was not correlated with indices of
sport-injury rehabilitation adherence in one study,5 the role
of developmental factors in the adherence process has not
been explored thoroughly. In particular, the potential mod-
erating effects of age on the relationship between psycho-
logical factors and sport-injury rehabilitation adherence
have not been examined. That is, researchers have not ad-

dressed whether the same psychological factors predict re-
habilitation adherence in athletes of different ages. Conse-
quently, the purpose of our study was to investigate whether
prospective associations among psychological factors and
rehabilitation adherence differ as a function of age through
reanalysis of data from a previously published report5 in
which the requisite demographic, psychological, and adher-
ence variables were assessed, but the moderating effects of
age were not evaluated.

METHODS

Participants

Participants were 61 individuals (21 females, 40 males) with
a mean age of 26.03 6 7.99 years (range, 14–47 years) who
completed a battery of psychological inventories before ante-
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rior cruciate ligament (ACL) reconstruction and recorded their
adherence to home-based rehabilitation activities after surgery.
In terms of self-reported race or ethnicity, the sample predom-
inantly consisted of white individuals (89%), with smaller per-
centages of participants who were Hispanic (5%), black (5%),
and Asian or Pacific Islander (2%). The vast majority of par-
ticipants indicated that they were competitive athletes (57%)
or recreational athletes (41%). Most participants (90%) re-
ported that they sustained their ACL injury when involved in
a sport activity.

Measures

Demographic and Injury-Related Variables. We obtained
demographic and injury-related information from participants
through a questionnaire with items pertaining to participants’
age, sex, race or ethnicity, date of ACL injury, source of ACL
injury, and level of sport involvement.

Psychological Factors. We used the Self-Motivation Inven-
tory6 (SMI), a 40-item questionnaire consisting of 5-point Lik-
ert scales, to assess self-motivation, which refers to the ten-
dency of individuals to persevere in the absence of external
rewards. Empirical support has been obtained for the reliabil-
ity, internal consistency, construct validity, and predictive va-
lidity of the SMI.6

We used the Social Support Inventory7,8 (SSI), a 39-item
questionnaire involving 7-point Likert-type scales with an-
chors of ‘‘not at all satisfied’’ and ‘‘very satisfied,’’ to assess
participants’ satisfaction with the social support they had re-
ceived in the previous month. Evidence for the reliability, con-
struct validity, and criterion-related validity of the SSI has
been found.7,8

We assessed athletic identity (ie, the degree of identification
with the athlete role) with the Athletic Identity Measurement
Scale9 (AIMS), a 10-item questionnaire consisting of 7-point
Likert-type scales with end points of ‘‘strongly disagree’’ and
‘‘strongly agree.’’ The AIMS items include ‘‘I consider myself
an athlete,’’ ‘‘Sport is the most important part of my life,’’ and
‘‘I feel bad about myself when I do poorly in sport.’’ Higher
scores on the AIMS reflect a stronger investment in being an
athlete as a source of self-worth. Adequate test-retest reliabil-
ity, construct validity, and predictive validity have been doc-
umented for the AIMS.

We used the Brief Symptom Inventory10 (BSI), a 53-item
questionnaire including a 5-point Likert format, to assess psy-
chological distress. Evidence for the reliability and validity of
the BSI has been documented.10

Adherence. We measured adherence to clinic-based reha-
bilitation activities in 2 ways: (1) We calculated the ratio of
rehabilitation appointments attended to rehabilitation appoint-
ments scheduled for each participant. (2) At each rehabilitation
appointment, the professional (eg, physical therapist, athletic
trainer) attending to the treatment of each participant on that
day completed the Sport Injury Rehabilitation Adherence
Scale11 (SIRAS). On the SIRAS, rehabilitation professionals
use 5-point Likert-type scales to rate the intensity with which
participants complete rehabilitation exercises, the frequency
with which patients follow the practitioner’s instructions and
advice, and the extent to which patients are receptive to chang-
es in the physical therapy program during that day’s session.
Researchers have documented support for the test-retest reli-
ability, internal consistency, and criterion-related validity of
the SIRAS.11 To assess adherence to home-based rehabilitation

activities, at each rehabilitation appointment, we asked partic-
ipants to report on the extent to which they had completed
their prescribed home exercises and cryotherapy since their
last appointment using a scale from 1 (none) to 10 (all). Means
were calculated for each of the adherence measures across all
rehabilitation appointments attended.

Procedures

The methods of this study were approved by the institu-
tional review board at the lead author’s place of employment.
At a physical therapy appointment about 10 days before ACL
reconstructive surgery, participants (and the parents or guard-
ians of minors) completed an informed consent form, the ques-
tionnaire assessing demographic and injury-related informa-
tion, the SMI, the SSI, the AIMS, and the BSI. At each
rehabilitation appointment after ACL reconstruction, partici-
pants recorded their adherence to home-based rehabilitation
activities, and rehabilitation professionals documented the at-
tendance of participants and completed the SIRAS. The ortho-
paedic surgeons affiliated with the project prescribed for par-
ticipants an accelerated rehabilitation protocol after ACL
reconstruction.12–16

Data Screening and Analysis

To examine the internal consistency of the scales assessing
the psychological factors, reliability analyses were performed
on the SMI, SSI, AIMS, and BSI. The Cronbach alpha coef-
ficients for the SMI, SSI, AIMS, and BSI were .92, .97, .83,
and .95, respectively, indicating acceptable internal consisten-
cy for each of the scales. Because of a positively skewed dis-
tribution for BSI scores and a negatively skewed distribution
for the SIRAS, we applied a log transformation to BSI scores
and a reflection and inverse transformation to SIRAS scores
to produce more normal distributions. Age was treated as a
continuous variable. For each of the adherence measures, we
performed a separate hierarchic regression analysis in which
SMI, SSI, AIMS, and BSI scores were entered in the first step,
age was entered in the second step, and the 2-way interactions
between age and SMI, SSI, AIMS, and BSI scores, respec-
tively, were entered in the third step. We analyzed significant
interactions using the procedures outlined by Aiken and
West.17 Significant interactions between age and psychological
factors in the prediction of rehabilitation adherence were in-
terpreted as evidence of a moderating effect of age.

RESULTS

Although the regression analyses for predicting attendance
and SIRAS scores did not achieve statistical significance, in-
cluding the interaction terms added significantly to the predic-
tion of home exercise completion (Fchange 4,51 5 5.77, P ,
.01, R2

change 5 0.24, R2 5 .47) and home cryotherapy com-
pletion (Fchange 4,51 5 2.91, P , .05, R2

change 5 0.18, R2 5
0.22) (Table). Self-motivation (b 5 0.37, P , .05) and 3 in-
teractions (age 3 self-motivation, b 5 0.31, P , .05; age 3
social support, b 5 0.25, P , .05; and age 3 athletic identity,
b 5 20.48, P , .001) were significant predictors of home
exercise completion. To examine the significant interactions,
we calculated separate regression equations for 3 values of
age: the mean age and 1 SD above and below the mean. As
shown in Figures 1 and 2, self-motivation and social support
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Means and SDs of Psychological and Adherence Measures

Variable Mean SD

Self-motivation
Social support
Athletic identity
Psychological distress
Attendance
SIRAS*
Home exercise completion
Home cryotherapy completion

157.49
210.20
44.16
26.61
0.86

14.23
7.58
7.66

20.33
37.70
9.98

25.15
0.11
0.74
1.95
2.25

*SIRAS indicates Sport Injury Rehabilitation Adherence Scale.

Figure 1. Interaction between age and self-motivation for home ex-
ercise completion.

Figure 2. Interaction between age and social support for home ex-
ercise completion.

Figure 3. Interaction between age and athletic identity for home
exercise completion.

Figure 4. Interaction between age and athletic identity for home
cryotherapy completion.

were not significantly related to home exercise completion for
younger participants, but these constructs were positively as-
sociated with home exercise completion for older participants.
As depicted in Figure 3, younger participants showed a posi-
tive relationship between athletic identity and home exercise
completion, but this relationship was not significant for older
participants.

Home cryotherapy completion was significantly predicted
by the interaction between age and athletic identity (b 5
20.37, P , .05). This interaction was examined by procedures

identical to those used for the previous significant interactions.
As illustrated in Figure 4, younger participants showed a pos-
itive relationship between athletic identity and home cryo-
therapy completion, and older participants showed no signifi-
cant relationship between these variables.

DISCUSSION

Age moderated the prospective relationships between se-
lected psychological factors and adherence to home rehabili-
tation activities after ACL reconstruction. In the original anal-
ysis of the data used in the current investigation,5 the sole
significant predictor of any of the adherence variables was
self-motivation, which was positively associated with home
exercise completion. Including age as a moderator in the pres-
ent analyses not only clarified the relationship between self-
motivation and home exercise completion but also implicated
other variables in the adherence process. Both self-motivation
and social support were positively associated with home ex-
ercise completion only for older participants, whereas athletic
identity was positively associated with both home exercise
completion and home cryotherapy completion only for youn-
ger participants (who consisted primarily of adolescents). In-
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clusion of age in the analyses clearly improved the explanatory
power of the psychological variables as predictors of adher-
ence to home-based rehabilitation activities and revealed re-
lationships that were not otherwise observed in regression
models that examined only the main effects of the psycholog-
ical variables.

Although self-motivation is relevant to the adherence of ad-
olescents and young adults to sport-injury rehabilitation pro-
grams, as evidenced by the findings of other investigators,18–20

the adherence of the younger participants to home rehabilita-
tion activities in the current study was related more strongly
to athletic identity. Identity development is a central devel-
opmental task of adolescence21; it is therefore not surprising
that self-identification with the athlete role may be especially
salient in affecting an adolescent’s commitment to rehabilita-
tion behavior in the home, removed from the influences of the
rehabilitation professionals in the clinical setting. Returning to
sport may be more of a priority for patients who are high in
athletic identity, and this may be reflected in their approach to
the home-based part of the rehabilitation regimen.

It is unclear why age did not serve as a moderator in the
relationships between psychological factors and adherence to
clinic-based rehabilitation. One possible explanation is that
within the clinical rehabilitation environment, characteristics
of the rehabilitation professional and the quality of the rela-
tionship between the rehabilitation professional and the patient
may be more relevant to the adherence process than the age
of the patient. Further research is needed to explore this pos-
sibility.

Several limitations should be taken into account when in-
terpreting the findings of the current study. First, although re-
stricting the sample of participants to individuals undergoing
rehabilitation after ACL reconstruction provided a more con-
trolled exploration of the moderating effects of age by reduc-
ing cross-participant variability in injury severity and the de-
mands of the rehabilitation regimen, such homogeneity
decreased the generalizability of the results. Additional inquiry
with other levels of injury severity and rehabilitation programs
is needed to assess the generalizability of the current findings.
Second, despite the prospective, longitudinal research design
used in this investigation, causal relationships between psy-
chological factors and rehabilitation adherence cannot be in-
ferred. Experimental studies in which factors such as self-mo-
tivation, social support, and athletic identity are manipulated
and the effects of these variables on subsequent adherence are
examined are required to address the issue of causality and the
role of age in the adherence process. Third, given the self-
report method used to assess adherence to home rehabilitation
activities, further research using more objective measures of
home rehabilitation adherence is needed to corroborate the
current findings. Although there is no reason to assume that
participants’ self-reports of home rehabilitation adherence are
differentially distorted as a function of age, use of electronic
monitors22 and other measures that are less susceptible to re-
call bias may enhance the accuracy of home rehabilitation ad-
herence data.

From a practical standpoint, our results suggest that the age
of athletes with injuries may be an important factor to consider
when planning sport-injury rehabilitation programs. Should
the current findings be replicated in future research, the de-
velopment, implementation, and evaluation of interventions to
enhance sport-injury rehabilitation adherence23,24 with age-
specific foci would be warranted. Enhancing adherence to

sport-injury rehabilitation programs has the potential to im-
prove the rehabilitation outcomes of athletes of all ages.25–29
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